Abstract
Introduction 11
In-beam spectroscopy of heavy nuclei often requires the detection of fission frag-12 ments, either because the fission process itself or the fission fragments are to be in-13 vestigated, or to study alternative decay processes where fission events need to be required. In addition to fitting into the CACTUS array, it was a requirement that the 48 new fission fragment detector can be used together with the SiRi charged-particle tele-49 scopes, which limited the angular coverage to only one hemisphere. For this purpose a 50 fission fragment detector based on Parallel Plate Avalanche Counters (PPAC) was built.
51
In this paper we present the design and discuss the performance of the new detector. 
Design parameters

53
The most important design parameter for the new detector was a high detection 54 efficiency for fission fragments. Energy and position resolution are not important for 55 the purpose of a pure tagging or veto detector. To allow the measurement of triple 56 coincidences between light charged particles, γ-rays, and fission fragments, the fission 57 fragment detectors should be fast with a time resolution of the order of nanoseconds.
58
Ideally the detector should only trigger on heavy ions and be insensitive to light ions, 59 electrons, and γ-rays. Given these requirements we have chosen to base the new de-60 tector on low-pressure gas filled PPAC [5, 6, 7, 8, 9, 10] . It is a further advantage that 61 PPAC detectors do not show ageing effects due to the continuous exchange of the gas, 62 contrary to silicon detectors, for example, which would rapidly deteriorate with heavy-63 ion implantation. A fission-fragment detector based on PPAC detectors requires only 64 small amounts of material inside the vacuum chamber, having no significant influence on the performance of the CACTUS detectors due to scattering of γ-rays. detector. Since the aim of the detector is to determine whether fission occurred or not,
72
it is sufficient to detect only one of the two fission fragments, which are emitted in 73 opposite direction in light-ion induced reactions. In this way it is possible to achieve 74 high efficiency although less than 50% of the solid angle is covered.
75
The NaI detectors of CACTUS are mounted at fixed positions and their collimators 76 leave a cylindrical space for the target chamber, which has an inner diameter of 11.7 cm 77 and a length of 48.0 cm. A new chamber was designed that allows inserting a target 78 ladder from the side into the space between SiRi and the fission detector, replacing the 79 previously used rotating target changing system. The PPAC detectors were designed 80 to cover the largest possible fraction of the forward hemisphere. However, an opening 81 is needed to allow the beam to exit, and it is not necessary to cover angles close to The pressure difference between the gas inside the PPAC module and the vacuum of 106 the target chamber would cause the cathode foil to bulge outward. To obtain a uniform 107 efficiency the cathode foil must be parallel with the anode back plate. To achieve this, The results are described in Sect. 6.
156
The anode signals pass through Ortec VT120A fast preamplifiers with a gain factor The efficiency of the total detector array to detect fission fragments was measured 178 as a function of the isobutane gas pressure inside the PPAC modules and as a function We can therefore conclude that the intrinsic efficiency of the PPAC modules to detect 199 an incoming fission fragment is well above 90%. 
248
The detection of fission fragments in NIFF allows identifying γ-rays that are asso-249 ciated with the fission process. Fig. 8 shows γ-ray spectra as a function of excitation 250 energy for 238 Np. In a first step proton events were selected in the ∆E − E identification 251 matrix. Next a time gate was applied to select γ-rays that were recorded in CACTUS in 252 prompt coincidence with the protons. The excitation energy of the nucleus can be de-253 termined from the measured proton energy and the reaction kinematics. In this way it is 254 possible to extract the γ-ray spectrum for a given bin of excitation energy in 238 Np [11] .
255
The resulting two-dimensional spectrum is shown in Fig. 8 
